Aims. We use high-resolution continuum images obtained with the Atacama Large Millimeter Array (ALMA) to probe the surface density of star-formation in z∼2 galaxies and study the different physical properties between galaxies within and above the starformation main sequence of galaxies. Methods. We use ALMA images at 870 µm with 0.2 arcsec resolution in order to resolve star-formation in a sample of eight starforming galaxies at z∼2 selected among the most massive Herschel galaxies in the GOODS-South field. This sample is supplemented with eleven galaxies from the public data of the 1.3 mm survey of the Hubble Ultra-Deep Field, HUDF. We derive dust and gas masses for the galaxies, compute their depletion times and gas fractions and study the relative distributions of rest-frame UV and far-infrared light. Results. ALMA reveals systematically dense concentrations of dusty star-formation close to the center of the stellar component of the galaxies. We identify two different starburst regimes: (i) the classical population of starbursts located above the SFR-M ⋆ main sequence, with enhanced gas fractions and short depletion times and (ii) a sub-population of galaxies located within the scatter of the main sequence that experience compact star formation with depletion timescales typical of starbursts of ∼150 Myr. In both starburst populations, the far infrared and UV are distributed in distinct regions and dust-corrected star formation rates estimated using UVoptical-NIR data alone underestimate the total star formation rate. Starbursts hidden in the main sequence show instead the lowest gas fractions of our sample and could represent the last stage of star-formation prior to passivization. Being Herschel-selected, these main sequence galaxies are located in the high-mass end of the main sequence, hence we do not know whether these "starbursts hidden in the main sequence" also exist below 10 11 M ⊙ . Active galactic nuclei are found to be ubiquitous in these compact starbursts, suggesting that the triggering mechanism also feeds the central black hole or that the active nucleus triggers star formation.
Introduction
During the six billion years that have passed between a redshift of z∼2.5 and 0.5, galaxies formed 75 % of their present stellar mass (see Fig.11 of Madau & Dickinson 2014) following a star-formation mode in which most of the UV starlight was absorbed by interstellar dust and re-radiated in the mid to far infrared (mid-IR and far-IR respectively, see e.g., Magnelli et al. 2009 , 2013 , Le Floc'h et al. 2005 , Burgarella et al. 2013 , Madau & Dickinson 2014 and references therein).
The galaxies that contributed most to the cosmic star formation rate (SFR) density therefore radiated most of their light in the infrared domain and at the peak epoch of cosmic starformation, the so-called "cosmic noon" around z∼2, these galaxies belonged to the class of luminous and ultraluminous infrared galaxies; LIRGs and ULIRGs, (U)LIRGs hereafter, with total infrared luminosities of L IR =10 A&A proofs: manuscript no. elbaz_alma_astroph spectively. It is therefore of prime importance to understand the star formation mode of z∼2 dusty star-forming galaxies to trace back the origin of present-day stars and galaxies.
Contrary to their local siblings, the distant (U)LIRGs do not systematically exhibit the signature of merger-driven starbursts with compact star formation and depletion times of the order of ∼150 Myr. Instead, they appear to be in majority forming stars through a secular mode of starformation (see e.g., Elbaz et al. 2010 , Daddi et al. 2010b , Rujopakarn et al. 2011 , Wuyts et al. 2011b ) with depletion times, τ d =M gas /SFR∼600 Myr (Tacconi et al. 2018) . Here τ d is the time it would take for the galaxy to exhaust its molecular gas reservoir assuming a constant SFR. It is the inverse of the star formation efficiency, SFE. This evolution from a local population of rare violent merger-driven local (U)LIRGs to a common population of secularly evolving star-forming galaxies at z∼2 is for the most part a natural result of the fast rise of the gas fraction of (U)LIRGs with increasing redshift (see e.g., Daddi et al. 2010a , Magdis et al. 2012b , Tacconi et al. 2010 , 2018 .
This change in the nature of (U)LIRGs as a function of cosmic time can also be seen in the framework of the global evolution of the correlation between the SFR and stellar mass followed by star-forming galaxies, the so-called "starformation main sequence" (MS, hereafter) . This tight correlation between the SFR and stellar mass (M ⋆ ) is followed by the majority of star-forming galaxies from z∼0 up to at least z∼3.5 (Elbaz et al. 2007 , Noeske et al. 2007 , Schreiber et al. 2015 , Pannella et al. 2009 , 2015 , Karim et al. 2011 , Wuyts et al. 2011a , Rodighiero et al. 2014 , Whitaker et al. 2012 , Renzini & Peng 2015 . While the existence of a correlation between SFR and M ⋆ is natural, the fact that 68 % of the star-forming galaxies of a given stellar mass formed their stars with the same SFR within a factor 2 (0.3 dexrms) during 85 % of cosmic history (Schreiber et al. 2015 ) does appear as a surprise and a challenge for models.
This implies, in particular, that galaxies more massive than M ⋆ =10 10 M ⊙ were LIRGs and galaxies with M ⋆ ≥1.4×10 11 M ⊙ were ULIRGs at z∼2. (U)LIRGs therefore represented a common phase among distant massive galaxies and studying their nature is equivalent to studying the origin of massive galaxies. And indeed the studies of the dust and gas content of z∼2 starforming galaxies did reveal much longer typical depletion times for MS galaxies at all masses, including (U)LIRGs at the high mass end of the MS which also present depletion times of about 600 Myr (Magdis et al. 2012b , Tacconi et al. 2018 , Genzel et al. 2015 , Béthermin et al. 2015 .
The existence of a SFR -M ⋆ MS is commonly used to disentangle a secular-universal star-formation mode of galaxies within the MS from a stochastic star-formation mode of galaxies out of the MS, in which starbursts systematically lie above the MS (see e.g., Rodighiero et al. 2011 , Elbaz et al. 2011 , Schreiber et al. 2015 and references therein). The fact that the proportion of starbursts -defined as galaxies experiencing star formation 3 or 4 times above the median of the MS SFRremains limited to a few percent at all redshifts and masses (Rodighiero et al. 2011 , Schreiber et al. 2015 ) is puzzling when one considers that the observed (e.g., Kartaltepe et al. 2007 ) and modeled (e.g., Hopkins et al. 2010 ) merger rate rapidly rises with increasing redshift.
What physical processes sustain the secular star-formation of the MS? What role did mergers play around cosmic noon? Are starbursts limited to the small population of galaxies with an extremely large specific SFR (sSFR=SFR/M ⋆ , e.g., Rodighiero et al. 2011) or can there be starbursts "hidden" within the MS? Should one interpret the MS of star-forming galaxies as evidence that galaxies within it unequivocally form their stars following a common universal mode that is, in particular, unaffected by mergers?
We address these questions in this paper by taking advantage of the exquisite angular resolution of the Atacama Large Millimeter Array (ALMA). We use ALMA to probe the distribution of dusty star formation in z∼2 (U)LIRGs and compare it with that derived from rest-frame UV light. We compare the spatial locations of UV-transparent and dusty star formation and discuss the presence or absence of spatial correlations between both with other galaxy properties, such as their depletion time and starformation compactness. Here we identify a population of galaxies that lie within the MS but that exhibit enhanced star formation typical of starbursts -in terms of star-formation efficiency, SFE=SFR/M gas , or equivalently depletion time, τ dep =1/SFE. We consider several possible scenarios that may provide an explanation for the existence of these starbursts hidden in the MS, study a possible link with the presence of an active galactic nucleus (AGN) and discuss implications on the formation of compact early-type galaxies as observed at z∼2 (e.g., van der Wel et al. 2014) .
Throughout this paper we use a Salpeter (1955) initial mass function (IMF), and adopt a ΛCDM cosmology with Ω M = 0.3, Ω Λ = 0.7 and H 0 = 70 km s
. As a matter of notation, we refer to the rest-frame GALEX far-ultraviolet (FUV) bandpass and to the total integrated IR light in the range 8-1000 µm when using the subscripts "UV" and "IR", respectively.
Data
An ensemble of 8 galaxies with Herschel photometry defines the core sample of this study for which deep 870 µm ALMA (band 7) continuum images were obtained (40-50 min on source, Cycle 1, P.I. R.Leiton). These galaxies are complemented with 11 galaxies observed at 1.3 mm from public ALMA data in the Hubble Ultra-Deep Field, HUDF (σ 1.3 ∼ 35 µJy; Dunlop et al. 2017 , Rujopakarn et al. 2016 ). The resulting sample of 19 galaxies at z∼2 is described below.
Sample selection
The main sample of galaxies used for this paper comes from the ALMA project 2012.1.00983.S (P.I.R.Leiton, Cycle 1) which was observed from August 29 to September 1st, 2014. It consists of eight z∼2 ULIRGs (ultra-luminous infrared galaxies, L IR ≥10 12 L ⊙ ) that were selected from a sample of Herschel galaxies detected in the GOODS-South field from the GOODSHerschel open time key program (Elbaz et al. 2011) .
These galaxies were selected in a way to avoid being heavily biased towards the minor population of starburst galaxies well above the MS, but at the same time to reach a high enough signal-to-noise ratio in the high-resolution ALMA images at 870 µm (i.e., 290 µm rest-frame). The image quality and resolution were set with the goal of being able to determine the compactness and clumpiness of star-formation in these galaxies. This resulted in the requirements listed below that limited the sample to only 8 galaxies with a median stellar mass of M ⋆ =1.9×10
Starting from the GOODS-Herschel galaxy catalog (described in Elbaz et al. 2011) , we selected the ALMA targets under the following conditions:
(i) a redshift -either spectroscopic or photometric -of 1.5<z<2.6 to ensure that the MIPS-24 µm band encompasses the 8 µm wavelength to allow the determination of a rest-frame 8 µm luminosity, necessary to compute the IR8 color index. This color index, IR8=L IR /L 8µm , was found to exhibit a tight correlation with the surface density of mid and far-infrared luminosity by Elbaz et al. (2011) . Here L 8µm is the νL ν broadband luminosity integrated in the Spitzer-IRAC band 4 centered at 8 µm and L IR is the total infrared luminosity integrated from 8 to 1000 µm. IR8 provides an independent tracer of dusty star formation compactness. This redshift encompasses the key epoch of interest here, the cosmic noon of the cosmic SFR density, and is large enough to bring the central wavelength, 870 µm, of ALMA band 7 (345 GHz) close to the peak of the far-infrared emission.
(ii) a sampling of the far infrared spectral energy distribution (SED) with measurements in at least four far-IR bands (100, 160, 250, 350 µm) . This requirement is mainly constrained by the condition to have a 3-σ detection in the 250 and 350 µm bands together with the condition that the Herschel-SPIRE measurements are not heavily affected by contamination from close neighbors. The latter condition is determined through the use of a "clean index" (defined in Elbaz et al. 2010 Elbaz et al. , 2011 . The clean index is used to reject sources with highly uncertain flux densities due to confusion by only selecting sources with at most one neighbor closer than 0.8×FWHM(250µm)=18 ′′ and brighter than half the 24 µm flux density of the central object. This was done using the list of sources detected at 24 µm above 20 µJy. Simulations using realistic infrared SED and galaxies spatial distributions together with the Herschel noise showed that this criterion ensures a photometric accuracy better than 30 % in at least 68 % of the cases for SPIRE detections (Leiton et al. 2015) .
(iii) we rejected sources with unphysical SEDs, i.e., for which one or more of the flux densities from 24 to 350 µm presented a non physical jump. This smoothness condition on the SED was required to reject sources with blending effects, affecting mainly the longest Herschel wavelengths even after imposing the clean index criterion.
For the sake of simplicity, we labeled the eight sources GS1 to GS8. We also provide their CANDELS ID, ID CLS , from Guo et al. (2013) in Table 1 . We note that all of the Herschel sources studied here were found to be associated with a single ALMA source, none was resolved into two or more ALMA sources.
Supplementary sample from the Hubble Ultra Deep Field
We supplemented our sample with a reference sample of galaxies detected with ALMA at 1.3 mm with a resolution of ∼0.35 arcsec within the 4.5 arcmin 2 survey of the Hubble Ultra Deep Field (HUDF) down to σ 1.3 ∼ 35 µJy (see Dunlop et al. 2017 , Rujopakarn et al. 2016 . We use here the 11 galaxies listed in Table 2 of Rujopakarn et al. (2016) (see Section 2.3). The galaxies are labeled UDF# in Table 1 as in Dunlop et al. (2017 ). The integration time on each science target ranges from 37 to 50 minutes, resulting in typical signal-tonoise ratios at 870 µm of S/N∼35 and up to 75 for the brightest one. The integration time was defined in order to reach a mini- Notes: The upper part of the table lists the 8 galaxies (GS1 to GS8) observed with ALMA at 870 µm at a 0.2 arcsec resolution in our ALMA program. The lower part lists the 11 galaxies (UDF#) from the 1.3mm ALMA survey of the HUDF by Dunlop et al. (2017) at a resolution of 0.35 arcsec. Col.(1) Simplified ID. For the UDF galaxies, we use the same IDs as in Dunlop et al. (2017) . Cols.(2) and (3) CANDELS ID and coordinates from Guo et al. (2013) . GS8, initially associated with the galaxy with the CANDELS ID 5893, was found to be associated with a background galaxy that we will call 5893b (see Section 3.1). Col.(4) offset to be applied to the HST CANDELS coordinates to match the ALMA astrometry. mum S/N=10 on 20 % of the predicted 870 µm ALMA flux density (extrapolated from Herschel) or equivalently 50-σ on the total flux in order to be able to measure an effective radius even for the most compact galaxies and to individually detect the major clumps of star formation when they exist and produce at least 20 % of the total ALMA flux density. For the typical predicted flux density of F 870 ∼2.5 mJy of the sample, this led to a total observing time of at least 35 minutes/object. Accounting for the predicted flux densities of the galaxies, we used slightly different integration times of 36.5, 38.8 and 49.5 minutes (excluding overheads) for [GS4, GS5, GS6, GS8], [GS1, GS7] and [GS2, GS3] respectively. The observed standard deviation of the noise spans rms=40-70 µJy. Accounting for the obtained S/N, the accuracy on the size measurements given by CASA corresponds to FWHM/ √ (S /N)∼0.034 arcsec that represents a theoretically expected precision, if we assume that the sources have a Gaussian profile, corresponding to ∼280 pc at z∼2.
Data reduction, flux and size measurements
The data reduction was carried out with CASA, and the final images were corrected for the primary beam, although all our targets are located at the center of the ALMA pointings. Flux densities and sizes were both measured in the uv plane, using the uvmodelfit code in CASA, and in the image plane using the GALFIT code (Peng et al. 2002) . Since uvmodelfit only allows A&A proofs: manuscript no. elbaz_alma_astroph 2D Gaussian profile fitting, we computed Gaussian and Sérsic profiles with GALFIT to compare both results. The Gaussian semi-major axis (R 1/2 =0.5×FWHM of the major axis) derived in the uv and image planes -with uvmodel f it and GALFIT respectively -agree within 15 %, with only a 5 % systematic difference (larger sizes in the GALFIT measurements in the image plane). However, the uncertainties estimated by GALFIT in the image plane are 45 % smaller (median, with values that can reach more than a factor 2). We consider that the uncertainties measured in the uv plane are most probably more realistic, and anyway more conservative, hence we have decided to use the uvmodelfit measurements for our analysis (see Table 2 ).
We compared the Gaussian semi-major axis from uvmodelfit, R 1/2 , with the effective radius, R e , obtained with a Sérsic profile fit either leaving the Sérsic index free, n Sersic ALMA , or imposing n Sersic ALMA =1 (exponential disk profile). We find that R 1/2 and R e agree within 20 % in both cases with no systematic difference when imposing n Sersic ALMA =1 and 4 % smaller sizes when the Sérsic index is left free. We obtain a S/N ratio greater than 3 for the Sérsic indices (Col. (7) in Table 2 ) of all the GS sources except GS2 and GS3 (ID CANDELS 5339 and 2619).
Hence even though we did perform Sérsic profile fittings and determined n Sersic ALMA , the light distribution of our galaxies does not seem to show very strong departure from a 2D Gaussian. As a result both R 1/2 and R e provide an equally good proxy for the half-light radius, encompassing 50 % of the IR luminosity. We did measure some moderate asymmetries quantified by the minor (b) over major (a) axis ratio, b/a (Col.(5) in Table 2 ) that we used to derive circularized half-light radii, R circ ALMA (listed in kpc in the Col.(6) of Table 2 ) following Eq. 1.
Conv( ′′ to kpc) is the number of proper kpc at the redshift of the source and is equal to 8.46, 8.37 and 8.07 kpc/ ′′ at z=1.5, 2 and 2.5 respectively. We then used R circ ALMA -that encompasses 50 % of the IR luminosity -to compute the IR luminosity surface densities of our galaxies as in Eq. 2.
The sizes of the HUDF galaxies were measured as well using a 2D elliptical Gaussian fitting by Rujopakarn et al. (2016) who used the PyBDSM 1 code. We analyzed the public ALMA image of the HUDF and found that the quality of the images did not permit to constrain both a Sérsic effective radius and index, hence we do not provide Sérsic indices for the HUDF galaxies. We fitted with GALFIT 2D Gaussian elliptical profiles on the 11 HUDF sources listed in Rujopakarn et al. (2016) and found a good agreement between our measured Gaussian FWHM values and those quoted in Rujopakarn et al. (2016) with a median ratio of exactly 1 and an rms of 16 % for the sources with S/N>5. Below this threshold, the measured sizes agree within the error bars which start to be quite large. We quote in Table 2 the sizes listed in Rujopakarn et al. (2016) .
The flux densities of the GS galaxies were computed using our 2D elliptical Gaussian fitting in the uv plane. For the HUDF galaxies, they correspond to those listed in Rujopakarn et al. (2016) consistent with our own measurements. . A detailed description of these astrometric offsets will be provided in Dickinson et al. (in prep.) . The large green and purple dots mark the 8 GS sources and 11 UDF sources detected with ALMA at 870 µm and 1.3mm respectively.
ALMA vs HST astrometry
The ALMA and HST coordinates present a small systematic offset in the GOODS-South field. This offset does not exist between ALMA and other observatories such as 2MASS, JVLA, GAIA or Pan-STARRS but it affects the astrometry of the HST sources. A comparison of the positions of HST sources in the HUDF with 2MASS (Dunlop et al. 2017) and JVLA (Rujopakarn et al. 2016) showed that the HST positions needed to be corrected by −0.26 arcsec in Declination and +0.08 arcsec in Right Ascension. This implies that the HST coordinates (in decimal degrees) must be systematically corrected by [+2.51,−7.22] ×10 −5 degree (including the cos(δ) factor).
This offset is too small to change the HST counterparts of the ALMA detections. However, it has an impact on the detailed comparison of the location and shape of the ALMA millimeter emission with that of the HST optical light that will be discussed in the following sections. Hence we decided to extend further our analysis of this astrometric issue by searching for possible local offsets added to the global one mentioned above. A detailed description of the resulting analysis will be presented in Dickinson et al. (in prep.) . We just briefly summarize here the main lines of this process and its implications on our analysis.
The main reasons for this astrometric issue can be traced back to the astrometric references that were used to build the HST mosaics of the GOODS-South field. At the time, the astrometric reference used for GOODS-South was an ESO 2. (sp) for which a spectroscopic redshift is available. Col.(3) F ALMA is the continuum flux density at 870 µm for the GS1 to GS8 sources and at 1.3mm for the UDF1 to UDF16 sources. Cols.(4) and (5) Semi-major axis, R 1/2ma j in arcsec, and axis ratio, b/a, of the ALMA sources measured from uvmodelfit in CASA for the GS sources and from Rujopakarn et al. (2016) for the UDF galaxies. The consistency of the GS and UDF was checked in the direct images using GALFIT. The sizes of UDF7 and UDF16 (in italics) are measured at the 2-σ level. Col.(6) circularized effective ALMA radius, R circ ALMA , in kpc, as defined in Eq. 1. Col.(7) Sérsic index, n Sersic ALMA , derived from the Sérsic fit to the ALMA 870 µm image for the GS sources using GALFIT on the direct images. The S/N of the UDF sources is not high enough to allow the fit of a Sérsic index. Cols. (8) and (9) 
2 ], where L IR is given in Table 3 and R circ ALMA in Col.(6). Col.(11) IR8=L IR /L 8µm color index. The 8 µm rest-frame luminosities were derived from the observed Spitzer-MIPS 24 µm photometry as in Elbaz et al. (2011) . L 8µm , hence also IR8, can only be determined from the observed 24 µm luminosity for galaxies with 1.5≤z≤2.5.
subsequently re-calibrated the WFI astrometry to match the HST Guide Star Catalog (GSC2).
More modern astrometric data are now available in this field such as Pan-STARRS1 . We used the PanStarr DR1 catalogue provided by Flewelling et al. (2016) to search for possible offsets in the different regions of the whole 10 ′ ×15 ′ GOODS-South field. We found residual distortions that we believe to be due to some combination of distortions in the WFI mosaic images and in the GSC2 positions, and zonal errors registering the HST ACS images to the WFI astrometry. These residual local distortions are plotted in Fig. 1 after having corrected the HST positions for the global offset mentioned above and marked with the open blue triangle. The distortion pattern was determined using a 2.4 arcmin diameter circular median determination of the offset in order to avoid artificial fluctuations due to the position uncertainty on the individual objects. This pattern was then applied to the 34,930 HST WFC3-H sources of the CANDELS catalog in GOODS-South (Guo et al. 2013 ; shown as grey dots in Fig. 1 ).
The 11 galaxies detected by ALMA in the HUDF are all well centered on this position with residual offsets of the order of 0.02 ′′ (large filled purple dots). These extra corrections are truly negligible, since they correspond to 160 pc at the redshifts of the sources. However, the 8 GS galaxies are spread over a wider area in GOODS-South including parts where the residual offsets can be as large as ∼0.07 ′′ , i.e., 0.6 kpc. This is the case of GS1, GS3, GS4 and GS8.
We found that these local offsets did not not affect the associations with optical counterparts and that they were smaller than the difference between the positions of the rest-frame UV and FIR light distributions that we discuss in the following sections. Except in the case of the galaxy GS4, where the peak of the ALMA emission presented an offset with respect to the HST-WFC3 H-band centroid before applying the local correction for the HST astrometry and fell right on the H-band center after correction.
Dust, gas and stellar masses
The ALMA sources were cross-matched with the catalog of GOODS-Herschel sources described in Elbaz et al. (2011) . All of the sources discussed in the present paper are detected with both Herschel photometers PACS and SPIRE with a S/N>3. The 8 GS sources are detected in the two PACS bands and at 250 and 350 µm with SPIRE (including 3 at 500 µm). The 11 UDF sources are detected in the PACS-160 µm and SPIRE-250 µm bands, 9 are detected at 100 µm, 7 at 350 µm and 2 at 500 µm. The 500 µm is obviously mainly limited by the large beam size at this wavelength with Herschel that imposes a hard confusion limit.
A&A proofs: manuscript no. elbaz_alma_astroph The specific case of GS8 for which the optical counterpart is nearly undetected is discussed in Section 3.1.
The full SEDs including the optical, near-IR, mid-IR, far-IR and sub-millimeter flux densities of the 8 GS galaxies are presented in Fig. 2 together with spectral model fits to the data. The fit of the stellar side of the galaxies was used to determine their photometric redshifts with the EAzY 2 code (Brammer et al. 2008 ) and stellar masses with the FAST 3 code that is compatible with EAzY (see the Appendix of Kriek et al. 2009 ). For the galaxies with spectroscopic redshifts (GS4, GS5, GS6 and GS7), we computed the stellar masses at these spectroscopic values. The case of GS8 is peculiar and will be discussed in detail in Section 3.1.
For the UDF galaxies, we used the same redshifts as Dunlop et al. (2017) and Rujopakarn et al. (2016) for consistency. We present their dust SEDs in Fig. 3 . We computed the stellar masses of the UDF galaxies at those redshifts.
Following Pannella et al. (2015) , stellar masses were computed using a delayed exponentially declining star formation history with the Bruzual & Charlot (2003) Fig. 3 . Mid-IR to sub-millimeter SEDs of the 11 UDF galaxies fitted by the best-fitting IR energy distribution from Draine & Li (2007) . thesis model to fit the observed photometry up to the IRAC 4.5 µm band. We assumed a solar metallicity, a Salpeter (1955) IMF and a Calzetti et al. (2000) attenuation law with A V ranging from 0 to 4.
The dust side of the SED of the galaxies (from the Spitzer IRS-16 µm and MIPS-24 µm to the ALMA flux densities) was modeled using the IR emission spectra for dust heated by stellar light from Draine & Li (2007) by running the code CIGALE (2007), we fixed the slope of the distribution of intensities of the interstellar radiation field (ISRF, U), α, to α=2 and adopted an upper limit of U max =10 6 U ⊙ for the ISRF in units of the solar ISRF. The best-fitting SED was used to determine for each galaxy its total dust emission, L IR , and a dust mass, M dust , listed in Table 3. To derive a gas mass, we determined the total gas-to-dust ratio (δ GDR =M gas /M dust ) using Eq. 3 from Leroy et al. (2011) (given in the text of their Section 5.2) that links δ GDR with metallicity for local galaxies, hence assuming that this relation holds at all redshifts. log 10 (δ GDR ) = log 10
Metallicities for our z∼2 sample of ALMA galaxies were inferred using the mass -metallicity relation described in Eq. 4 taken from Genzel et al. 2012 (see their Section 2.2) for galaxies at z=1.5 -3, based on a combination of datasets including the data of Erb et al. (2006) . 12 + log 10 (O/H) = −4.51 + 2.18 log 10 (M ⋆ /1.7) − 0.0896 log 10 (M ⋆ /1.7)
(4)
We replaced M ⋆ in Eq. 4 by M ⋆ /1.7 since Genzel et al. (2012) used a Chabrier IMF whereas we are here using a Salpeter
We note a potential caveat in this analysis that is related to the metallicity of dusty starbursts. If the metallicity of starbursts above the main sequence was found to be systematically higher than the one of galaxies of similar masses within the main sequence (as suggested by Silverman et al. 2015 , Puglisi et al. 2017 ), we would underestimate their gas content and overestimate their depletion time.
Three galaxies are classified as power-law active galactic nuclei (AGN) following the color-color diagram definition of Donley et al. (2012) (blue solid line in Fig. 4 ): GS3, GS5 and GS8. We used the code decompIR by Mullaney et al. (2011) to subtract AGN contributions for all the galaxies. decompIR consistently identified an AGN contribution at 8 µm for the three power-law AGNs and at a lower level for the galaxies GS1 and GS6 which stand very close to the limit of Donley et al. (2012) and for which the code decompIR found a small contribution. For all the other galaxies, decompIR did not find any noticeable AGN contribution. The AGN component (shown with the purple dashed line in Fig. 2 ) was subtracted from the data in a first iteration. We then applied the CIGALE code to fit the residual emission and determine L IR and M dust free from any AGN contamination. We note however that both values are little affected by this AGN emission that mostly contributes to the mid-IR spectral range.
2.5. Star formation rates and position on the star formation main sequence
The total SFR of the galaxies is defined as the sum of the IR (SFR IR ) and uncorrected UV (SFR UV ) SFR, SFR tot =SFR IR +SFR UV . SFR IR and SFR UV were computed following the conversions of Kennicutt (1998) and Daddi et al. (2004) given in Eq. 5 and Eq.6; where L UV is the rest-frame 1500 Å UV luminosity computed from the best-fitting template obtained with EAzY (uncorrected for attenuation) and L IR is the total dust luminosity given by the best-fitting Draine & Li (2007) model (see Section 2.4).
We also computed SFR SED by fitting the rest-frame UVoptical-NIR data assuming a constant star formation history and a Calzetti et al. (2000) reddening law (Col.(5) in Table 3 ). This SFR SED will be compared to SFR tot in order to determine the presence of residual dust attenuation unaccounted for by the UVoptical SED fitting. To derive SFR SED , we limited ourselves to a constant SFR history in order to avoid the degeneracy between dust attenuation and stellar population ages. Rest-frame magnitudes were computed from the best-fit SED model integrated through the theoretical filters by running EAZY on the multiwavelength catalog. The resulting SFR tot and SFR SED are listed in Table 3 together with the total IR luminosities obtained from the SED fitting described in Section 2.4.
The positions of the ALMA galaxies in the SFR-M ⋆ plane are shown in Fig. 5 where the eight galaxies from our GOODSSouth observations are marked with green filled circles. The dashed and two solid black lines show the median and its 68 % standard deviation determined by Schreiber et al. (2015) . The full catalog of GOODS-South galaxies at 1.5<z<2.6 is presented with orange and blue dots for the galaxies with and without an Herschel detection respectively. For the galaxies with no Herschel detection, we used SFR SED (blue dots) while for galaxies with an Herschel detection, we used SFR tot (orange dots).
The position of the MS, i.e. the median of the SFR-M ⋆ values, varies rapidly with redshift. It increases by a factor 1.9 between z=1.5 and z=2.6 when using the parametrization of the redshift evolution of the MS from Schreiber et al. (2015) . In order to place the galaxies at their right distance relative to the MS in Fig. 5 , we first computed this distance at the exact redshift of each individual source and then kept this distance but this time relative to the MS at z=2 (dashed line in Fig.5 ) when we plotted the galaxies in Fig. 5 . As a result, the SFR of a galaxy located at a redshift z=1.6 is shown on Fig.5 with a higher SFR value equal to its actual SFR multiplied by a factor SFR z=2 MS /SFR z=1.6
MS .
Article number, page 7 of 20 A&A proofs: manuscript no. elbaz_alma_astroph Table 3 . Integrated properties of the ALMA sources. Orange dots: SFR tot = SFR IR + SFR UV . In order to keep the relative position of each galaxy with respect to the main sequence at its redshift, the SFR was multiplied by SFR z MS /SFR z=2 MS using Eq.9 from Schreiber et al. (2015) . The 8 GS and 11 UDF ALMA sources discussed in this paper are shown with green and purple filled symbols respectively. The z=2 star-formation main sequence and its rms=0.3 dex scatter are shown with a dashed line and solid lines respectively. The dotted line shows the limit above which galaxies are classified as starbursts (R SB =SFR/SFR MS >3).
This normalization was only used to produce Fig.5 with realistic galaxy positions in the SFR-M ⋆ plane.
In the following, we will use a single parameter to quantify this distance to the MS called the "starburstiness" as in Elbaz et al. (2011) , i.e., R SB =SFR/SFR MS . Out of the present list of ALMA targets, only 31 % (or 15 %) may be considered as "starbursts" (SB) defined as galaxies with a starburstiness R SB >3 (or >4; see Table 3 ). The remaining 69 % (or 85 %) consist of galaxies located in the upper part of the MS or slightly above the 68 % rms of 0.3 dex of the MS. In the following, we will call MS and SB the star-forming galaxies with R SB ≤3 and >3 respectively, but we will study galaxy properties as a function of starburstiness more generally. The postage stamp images of the MS and SB galaxies (HST images with ALMA contours) are shown in Fig. 6 and Fig. 7 respectively (except for GS8 discussed in Section 3.1 for which the HST and ALMA images correspond to two different galaxies).
Results

Serendipitous detection of an "HST-dark" galaxy at z∼3
In one out of the 8 GS galaxies, GS8, we found an offset between the ALMA and H-band centroids that we attribute to a projection effect, the ALMA source being associated to a background source. The red part of Fig. 8 showing the H-band contribution to the VIH image shows a clear extension to the North. The offset of 0.35 ′′ between the UV and ALMA centroids is similar to those observed for some of the other galaxies studied here. However, Article number, page 8 of 20 D. Elbaz et al.: Starbursts in and out of the main sequence Fig. 6 . ALMA contours on HST images for main sequence galaxies. For each galaxy, the Left column shows the rest-frame UV from ACS F606W & F814W (equivalent to 2020 & 2710 Å rest-frame at z∼2), whereas the Right column includes the HST-WFC3 F160W band (1.6 µm) sampling the rest-frame 5300 Å band at z∼2 (here RGB = V,I,H). The ALMA contours correspond to 1.3mm for the UDF sources and 870 µm for the GS source. Contours: for the UDF galaxies increase with steps of 0.5σ starting from 2.2σ, for the GS galaxies: 3σ steps up to 14σ, then 21, 29, 36σ. The dashed crosses are centered on the WFC3 F160W band center. The ALMA PSF is shown in the bottom left of each figure. there are three reasons why we believe that the ALMA emission is associated to another galaxy in the case of GS8.
First, there is this offset of 0.35 ′′ between the H-band and the ALMA centroids, and not only with the UV. Second, the photometric redshift of the foreground galaxy associated with the UV image is z phot =1.101 whereas the far-infrared SED combining the Herschel and ALMA photometric points peaks at 350 µm. If the far-IR emission were associated with this galaxy, it would peak at a rest-frame λ= 167 µm as opposed to the typical galaxies at this redshift which peak around λ= 100 µm. Third, Fig. 7 . Same as Fig. 6 for the "starburst" galaxies with R SB >3 sorted by increasing R SB from top to bottom. Contours as in Fig. 6 . this galaxy (CANDELS ID = 5893) has an estimated stellar mass of M ⋆ =4.6×10 9 M ⊙ . At a z phot =1.101, this galaxy would have an extreme starburstiness of R SB =60 and if the whole far-IR emission was to be attributed to this galaxy, it would lead to a dust mass of M dust =7.9×10 9 M ⊙ , i.e., 1.7×M ⋆ , and a gas mass of M gas =2.5×10 12 M ⊙ . Considering these unrealistic dust temperatures and masses, together with the spatial distribution of the ALMA and H-band light, we believe that the Herschel and ALMA emission arise primarily from a background galaxy. Since the foreground galaxy has the CANDELS ID 5893, we decided to call the background galaxy 5893b. In order to determine the photometric redshift of this galaxy, we modelled the light profile of all the other surrounding galaxies within an 8 ′′ radius as single Sérsic profiles using imfit (Erwin 2015) on the HawK-I K s-band image (PSF FWHM=0.4 arcsec, Fontana et al. 2014) . We then used the results of this modelling to measure the photometry on all the HST images from F435W to F160W, as well as in the Spitzer IRAC images from 3.6 to 8 µm. We convolved the Sérsic profiles with the point-spread function of the corresponding image, and only varied the total flux of each galaxy to minimise the χ 2 of the residuals. The resulting photometric measurements for ID5893b are shown in Fig. 9 . After this process, ID5893b was only clearly detected in bands J, H from HST-WFC3, K s from HawK-I, and all the Spitzer IRAC bands where it clearly dominates over ID5893.
The photometry obtained for GS8 (ID5893b) was then used to determine a photometric redshift with the program EAZY and a stellar mass with the program FAST. We found z phot =3.24±0.20 and M ⋆ =3× 10 11 M ⊙ . This photometric redshift is consistent with the observed peak of the far-IR SED of ID5893b located at λ peak ∼ 350 µm.
The resulting starburstiness of GS8, R SB =1.49, corresponds to a typical MS galaxy at z∼3.24. The fit of the far-IR SED using the Draine & Li model gives a dust mass of M dust =2.3×10 9 M ⊙ , which is lower than the value estimated for the z=1.101 redshift because the dust mass is very sensitive to the dust temperature, which is much higher here since the peak emission is now located close to 85 µm. The gas fraction, f gas =M gas /(M gas +M ⋆ ), is also reasonable (as opposed to the low redshift option) since it now reaches a value of 40 %.
To conclude, ALMA allowed us to identify a distant counterpart to a previously detected Herschel source that was not present in the CANDELS HST catalog (Guo et al. 2013 ). If one considers the H-band extension that we analyzed above, then GS8 is not strictly speaking an HST-dark galaxy, but without ALMA it would have remained HST-dark. We can only extrapolate the implications of this finding on the GS sample of 8 galaxies because the UDF galaxies were selected in a blank field that would require an analysis of the existence of HST-dark sources over the whole field. Extrapolating from our small sample, one may expect 10-15 % of the ALMA detections to be associated with an optically dark galaxy. This statement will be studied on a firmer statistical ground in a forthcoming paper discussing a 6.7 ×10 arcmin 2 extragalactic survey in GOODS-South with ALMA at 1.1mm (PI D. Elbaz, Franco et al. in prep.) .
Compact star-formation in z∼2 galaxies
The ALMA images probe the dust continuum emission at typical rest-frame wavelengths of λ rest GS =260 µm (870 µm observed from z GS =2.3) and λ rest UDF =380 µm (1.3mm observed fromz UDF =2.43) for the GS and UDF galaxies respectively. We will consider that these two wavelengths are close enough to probe the same physical origin. We will assume that the median 325 µm wavelength for the whole sample probes the location of the dust heated by the newly formed young stars and that it can therefore be used to trace the geometry of the star-formation regions.
The first remarkable result that comes out of the resolved dusty star-formation maps obtained with the high angular resolution mode of ALMA is their compactness (see Fig. 6 and Fig. 7) . The optical sizes measured by van der Wel et al. (2012) using a Sérsic profile fitting of the HST-H band images are compared to the ALMA sizes, computed using 2D Gaussian profiles, in Fig. 10 . Both are circularized as in Eq. 1. As discussed in Section 2.3.2, the Gaussian and Sérsic fits to the ALMA data provide similar sizes.
Over the whole sample of 19 z∼2 star-forming galaxies resolved with ALMA, we find that the ALMA sizes are systematically smaller than the rest-frame V-band sizes. Similar results have been systematically found by several different authors using galaxy samples selected with different strategies (e.g., Simpson et al. 2015 , Hodge et al. 2016 , Barro et al. 2016 , Rujopakarn et al. 2016 , Fujimoto et al. 2017 . Using a compilation of ALMA observations with typical angular resolutions of ∼0.6 arcsec (as compared to 0.2 arcsec here), Fujimoto et al. (2017) ratio (dotted lines in Fig. 10 ) except a sub-population of compact sources that we will discuss in more detail in the following. We note however an important caveat related to our sample selection. The condition that we imposed on the GS galaxies resulted in selecting exclusively massive star-forming galaxies with a median M ⋆ ∼1.4×10 11 M ⊙ . The fact that the GS galaxies exhibit systematically smaller sizes than the UDF galaxies may be a consequence of their larger stellar masses if massive galaxies turned out to exhibit particularly compact star-formation distributions. As we will show in the next sections, massive galaxies do turn out to exhibit particularly compact star-formation as also found by Barro et al. (2016) and as one would expect if they were candidate progenitors of the population of compact ellipticals at z∼2 (van der Wel et al. 2014).
As discussed in Section 2.3.2 (see also Rujopakarn et al. 2016) , the S/N ratio on the UDF ALMA sources in not highenough to provide a robust Sérsic profile fitting and derive a Sér-sic index. But for the higher-quality of the GS galaxies, we find that the ALMA profiles can be fitted by a Sérsic profile with a median Sérsic index is n=1.27±0.48, hence close to an exponential disk. The dusty star formation regions therefore seem to be disk-like, confirming what was previously found by Hodge et al. (2016) .
An ALMA view on kpc clumps of star formation
The discovery of giant star-forming regions in the high-redshift population of so-called "chain galaxies" and "clump-cluster galaxies" revealed by the first generation of deep HST images (Cowie et al. 1995 , Elmegreen & Elmegreen 2005 ) started a still-ongoing debate on their role in the stellar mass growth and morphological transformation of galaxies throughout cosmic time. Expected to form as a result of dynamical instabilities in high-redshift gas-rich galaxies, those kpc-size ∼10 8 M ⊙ clumps of star formation could lead to the formation of the central bulge of galaxies if they lived long enough to survive their migration from the peripheries to the centers of galaxies (Elmegreen et al. 2008) .
How much of the integrated stellar mass growth of a galaxy comes from these kpc clumps remains uncertain. Since z∼2 galaxies with strong SFR systematically radiate most of their A&A proofs: manuscript no. elbaz_alma_astroph energy from star formation in the far-infrared/submm, it is only by resolving these galaxies at these long wavelengths that one will be able to determine the role of kpc-clumps. If kpc-large clumps of star formation were responsible for a large fraction of the resolved far-IR emission of galaxies, this would imply that the physical mechanism responsible for their formation plays an important role in shaping present-day galaxies.
In a recent paper, Hodge et al. (2016) studied the possible existence of kpc-clumps of star formation with an ALMA followup of a sample of 16 z∼2.5 SMGs with S 870 µm =3.4-9 mJy and L IR ∼4×10 12 L ⊙ . They searched for point-like sources that could be associated with kpc-clumps using a synthesized beam of 0.17 ′′ ×0.15 ′′ FWHM, corresponding to a physical size of 1.3 kpc at the median redshift of z∼2.5 (the analysis was also performed at a resolution of 0.12 ′′ corresponding to 1 kpc). While marginal evidence was found for residual emission that could be associated to the kpc clumps, the authors generated some simulated ALMA images of mock galaxies with smooth profiles without any clumps and found that the analysis of the resulting mock ALMA images showed similar signatures of kpc clumps with low significance. Hence they concluded that "while there may be a hint of clump-like dust emission in the current 870 µm data on kiloparsec scales, higher signal-to-noise observations at higher spatial resolution are required to confirm whether these clumpy structures are indeed real". Cibinel et al. (2017) used ALMA to spatially resolve the CO(5-4) transition -which probes dense star formation -in the z=1.57 clumpy galaxy UDF6462. In this galaxy, the UV clumps make individually between 10 and 40 % of the total UV SFR. Using the observed L' CO(5−4) -L IR correlation , they find that none of the six clumps produces more than 10 % of the dusty SFR (upper limit of ∼5 M ⊙ yr
). The limit goes down to less than 18 % for the combined contribution of the clumps after stacking all 6 clumps. If this conclusion may be generalised, it would imply that the giant clumps observed in the UV are not major contributors to the bulk of the stellar mass growth of z∼2 galaxies.
We designed our ALMA exposures for the 8 "GS" sources (see Section 2.3.1) to detect individual clumps of star formation at 870 µm assuming that a clump could be responsible for 20 % of the total SFR of a galaxy. In all 8 galaxies, we find that the ALMA continuum emission is concentrated in a nuclear region, with no evidence for external clump contributions, similarly to what was found by Cibinel et al. (2017) and Hodge et al. (2016) .
Three galaxies among the closest sources of the UDF sample -UDF6, UDF8 and UDF16 at z spec =1.413, 1.546, 1.319 respectively -present the shape of grand design spirals with a total extent in the rest-frame 6400 Å of ∼20-30 kpc (observed WFC3 H-band; see bottom right galaxies in Fig. 6 ). UDF16 is a face-on spiral that shows no evidence for kpc size UV clumps outside its central UV nucleus whereas UDF6 and UDF8 present clear kpc-size clumps in the rest-frame UV light distribution.
UDF8 presents three clumps in the N-W side and UDF6 one clump in the N-E side. All four UV clumps have a total extent of 0.25 ′′ , i.e., 2 kpc at z∼1.5, hence a radius of about 1 kpc. We note that both galaxies are close to the median SFR of the MS with a starburstiness of R SB =1.5 and 2.9 respectively and experience a similar SFR∼150 M ⊙ yr −1
. UDF8 presents the largest number of UV clumps, it is the closest galaxy to the median SFR of the MS.
At the typical redshift of z∼1.5 of these galaxies, the ALMA images of the UDF at 1.3mm probe the rest-frame 520 µm emission in the rest-frame. This emission is found to peak on the center of the WFC3-H band images in both galaxies (crosses in Fig. 6 ) whereas the UV clumps present a systematic offset. This offset is much larger than the astrometric uncertainty (note the perfect agreement between ALMA and HST) and than the ALMA PSF FWHM (ellipse on the lower-left corner). It implies that there is a clear dichotomy in these two galaxies between the young massive stars inhabiting highly attenuated dust clouds and those responsible for the bulk of the UV light. The UV images of UDF6 and UDF8 (left images in Fig. 6 ) show that no UV light is detected at the location of the peak ALMA emission, which implies that the UV-slope is not a good proxy for the amount of dust extinction here. In both galaxies, the ALMA contours do present an extension suggesting some marginal contribution of the kpc clumps to the far-infrared emission. The rest-frame 520 µm contours of UDF6 present a second, less pronounced, peak centered on one of the kpc clump and the same is seen, slightly less pronounced, in UDF8 with a contribution from the southern kpc clump. However due to the low S/N of the 1.3mm images of these sources, this evidence is provided only by the first and second ALMA contours at the 80 and 100 µJy levels, i.e., only at the 2-σ confidence level. As shown by the simulations of Hodge et al. (2016) discussed above, deeper ALMA integrations would be needed to confirm the detection of the giant clumps in the far-infrared.
Assuming that the dusty star-formation is indeed not spread in a series of clumps, then we will consider that it is well characterized by its IR luminosity surface density, Σ IR (Eq. 2).
Star formation compactness and IR8 color index
The IR luminosity density, Σ IR -a proxy for the dusty SFR density -has been found to correlate with an integrated property of local z∼0 galaxies, the IR8 color index (see Fig.13 of Elbaz et al. 2011) . Compact star-forming galaxies were found to exhibit large values of the IR8=L IR /L 8µm color index whereas galaxies with extended star-formation presented a "normal, universal" IR8 ratio of IR8∼4.9. Compact and extended star-forming galaxies were distinguished as galaxies with Σ IR above and below a critical density of Σ this Section, we present a revised version of the local IR8 -Σ IR relation and discuss its application to the distant Universe.
The IR8 color index measures the ratio of the continuum emission -as measured by the total mid to far-IR luminosity L IR , dominantly due to the emission of big dust grains with a peak emission around 100 µm -over the emission due to the combination of continuum emission from very small grains (VSGs) of dust and broadband features commonly attributed to polycyclic aromatic hydrocarbons (PAHs; Leger & Puget 1984 , Allamandola et al. 1985 -as measured by the 8 µm Spitzer-IRAC broadband filter.
In local galaxies, strong IR8 values (red curve in Fig. 11 ) are systematically associated with compact star formation taking place in merger-driven starbursts. Instead, normal spiral galaxies exhibit strong PAH equivalent widths and a weaker contribution of warm and cold dust continuum in the mid-IR and far-IR (blue curve in Fig. 11 ). The three template IR SEDs presented in Fig. 11 come from the Chary & Elbaz (2001) library and present IR8 values of 4.9, 8 and 32 respectively. Therefore in local galaxies, IR8 not only correlates with star-formation compactness, as probed by Σ IR , but also with starburstiness, R SB (see Fig.17 in Elbaz et al. 2011) .
In the following, we discuss the physical origin of the IR8 -Σ IR relation that may apply to both local and distant galaxies. The interest of this relation is twofold. On one hand, it provides an empirical method to connect integrated and resolved galaxy properties that may be used to derive one from the other. On the other hand, if the relation holds in distant galaxies, IR8 and Σ IR may both be used to separate compact and extended star formation, and may therefore serve to unveil the role of mergers.
Revised version of the local IR8 -Σ IR relation and discussion of its physical origin
To produce their local IR8 -Σ IR relation, Elbaz et al. (2011) used IR sizes for local galaxies coming from a combination of radio data (converted to FIR sizes using a correlation observed between FIR and radio sizes) and mid-IR sizes from Spitzer-IRS (from Díaz-Santos et al. 2010 ).
Here we use sizes directly measured in the far-IR coming from an Herschel-PACS 70 µm follow-up of local LIRGs from the Great Observatories All-sky LIRG Survey (GOALS; Armus et al. 2009 ). Sizes were measured for a total 293 galaxies including 42 normal galaxies (10 ≤ log(L IR /L ⊙ ) < 11), 175 LIRGs (11 ≤ log(L IR /L ⊙ ) < 12) and 22 ULIRGs (12 ≤ log(L IR /L ⊙ )). The sizes measured for these galaxies (as described in Díaz-Santos et al. 2017) were used to produce the revised version of the local IR8 -Σ IR relation presented in Fig. 12 top. We also included 11 galaxies with radio sizes (filled squares) and 39 galaxies with mid-IR sizes from AKARI (filled stars) that were originally used in Elbaz et al. (2011) .
This revised IR8 -Σ IR relation for local galaxies is amazingly tight with a 68 % median absolute deviation (MAD) of only 0.11 dex. The polynomial fit to the sliding median (Eq. 7) and its MAD are represented by the solid and dashed lines in Fig. 12. log 10 (IR8) = (1.02 ± 0.11) + 0.37 × log 10 Σ IR /10 11 +0.08 × log 10 Σ IR /10 11 2 (7)
We find that the trend is relatively flat up to Σ (2017) . Filled squares and stars: 11 and 39 galaxies with radio and mid-IR sizes from Elbaz et al. (2011) . Galaxies with mid-IR spectral signatures of AGNs (identified by Díaz-Santos et al. 2017) are marked with bold squares. The solid blue line is a polynomial fit to the sliding median described by Eq. 7. The two dashed lines 30 % above and below (±0.11 dex) encompass 68 % of the galaxies. Bottom: position of the z∼2 ALMA sources on the IR8 -Σ IR diagram. The solid and dashed red lines show the local relation shifted to the right by a factor 3.5 to account for the combined effects of the rise of the MS SFR with redshift and decrease of galaxy sizes with redshift. Blue and orange filled dots separate galaxies on or close to the MS (R SB ≤3) from starbursts (R SB >3). Only galaxies within 1.5≤z≤2.5 are shown here because of a large and uncertain extrapolation of L 8 from the observed 24 µm flux density for galaxies outside this redshift range. The black square on GS3 indicates that it is a power-law for which the contribution of the AGN has been corrected in a conservative way. ) have IR8=4-5, whereas compact star-forming galaxies reach IR8 values well above 10.
We wish to emphasize that most of the outliers below the relation are galaxies identified as power-law AGNs by Díaz-Santos et al. (2017) from their mid-IR spectra (thick black squares in Fig. 12-top) . This trend may either be explained by (i) a contribution to the 8 µm emission by warm dust heated by AGN, and/or (ii) a physical connection between star-formation compactness and AGN activity.
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The physical origin of this tight correlation can now be better understood thanks to the analysis of Díaz-Santos et al. (2017) who present a similarly tight relation between L IR /L [CII] 158 µm and Σ IR . The [CII]158 µm emission comes from the same region as the PAHs that contribute to the 8 µm luminosity, namely the PDR or photo-dissociation region. In both cases, there is a nearly flat IR8 and L IR /L [CII] 158 µm ratio with increasing Σ IR up to the same critical density,
(see their Fig.2 -middle right, which shows L [CII] 158 µm /L IR analog to 1/IR8 here). Then IR8 and the L IR /L [CII] 158 µm ratio both increase with increasing Σ IR . This behavior may be understood with the concept of "dust-bounded" star-formation nebulae described in Abel et al. (2009) . The idea proposed in this paper and discussed in Díaz-Santos et al. (2017) involves the role of dust that absorbs part of the ionizing radiation and therefore prevents it from reaching the PDR region. This leads to a rise of the dust temperature and consequently also of the total IR luminosity emitted, proportional to T 4+β dust (where β is the emissivity of the dust), and a drop of the emission in [CII] and PAHs from the PDR. In the local Universe, merger-driven starbursts are systematically associated with such young and compact star-formation regions that may be considered as dust-bounded, with the consequence that IR8 and L IR /L [CII] 158 µm rise during the merger-driven starburst. Díaz-Santos et al. (2017) find that the ratio of the intensity of the interstellar radiation field, G, over the average PDR hydrogen density, n H , G/n H , remains constant below Σ crit IR and increases rapidly with Σ IR above Σ crit IR .
The IR8 -Σ IR relation for z∼2 ALMA galaxies
The positions of the z∼2 ALMA galaxies in the IR8 -Σ IR plan are shown in Fig. 12-bottom . IR8 values were only computed for galaxies with 1.5≤z≤2.5 in order to include the dominant 7.7 µm PAH feature in the observed Spitzer-MIPS 24 µm passband. The power-law AGN GS3 (see Fig. 4 , GS5 and GS8 are out of the redshift range where IR8 can be computed) is marked with a bold square and an upward pointing arrow. This arrow illustrates the fact that the AGN contribution to the rest-frame 8 µm luminosity is uncertain. Our estimate of L 8 was done assuming a conservative SED for the star-formation component. This assumption does not affect the determination of L IR but does affect L 8 . We found that using an SED like Arp 220, for example, would nearly equally well fit the IR SED if the AGN produced the bulk of L 8 . In this case, IR8 would be increased by a large factor, potentially bringing the galaxy in the relation followed by the rest of the sample.
First, we note that the z∼2 samples follows a correlation like the local galaxies. Second, one can see that galaxies on and above the MS are not separated as it is the case for local galaxies where "starbursts" present a compact geometry with Σ crit IR >Σ crit IR while MS galaxies experience more extended star-formation. Galaxies three times above the MS (i.e., with R SB >3) are marked with orange symbols in Fig. 12 -bottom, while MS galaxies below this R SB value are represented with blue symbols. Both types span the full dynamic range in Σ IR . However, as we will see in the following, it is possible that some of our MS are actually experiencing a merger that enhances their star-formation by a moderate factor.
In the framework of the dust-bounded star-formation regions interpretation that we discussed above, galaxies with a larger IR8 are observed in a younger stage, that precedes the destruction of the dust within the HII region. However, the typical Σ IR of a galaxy at the median redshift of z∼2.3 of our sample was larger than that of a local galaxy. We estimate this factor to be around ∼3.5 as a result of the fact that the SFR of MS galaxies was 20 times greater (Schreiber et al. 2015) and the typical size of a starforming galaxy was (1+z) 0.75 times smaller (van der Wel et al. 2012) . We find that the red solid and dashed lines that represent the local IR8 -Σ IR relation shifted by this factor 3.5 do provide a good fit to the ALMA data. This suggests that IR8 may serve as a good proxy for Σ IR even in the distant Universe.
We note that the fact that high-redshift galaxies are more metal-poor than present-day galaxies, they may naturally exhibit weaker PAH emission, hence stronger IR8 values, as discussed in Shivaei et al. (2017) . However, star-formation in high-z galaxies is taking place both in more compact regions and in less metal-rich environments, and disentangling both effects might be quite complex (see Schreiber et al. 2017 ).
Star formation compactness and AGN activity
Out of our sample of 19 ALMA galaxies, 11 are detected in X-rays with the 7 Msec exposure of the Chandra Deep FieldSouth image (Luo et al. 2017) . Following the commonly used AGN definition (also used in Luo et al. (2017)), we classify an X-ray source as an AGN when its total X-ray luminosity integrated over the whole 0.5 -7 keV range satisfies L X ≥10 . We find that the proportion of galaxies hosting an AGNs rises with increasing Σ IR : 75 % of the galaxies with
harbor an AGN (6 out of 8 galaxies). Hence there is a clear increase of the fraction of AGNs among the galaxies with compact star-formation within the limited statistics of the present sample. This suggests that the physical mechanism responsible for the rise in star-formation compactness also efficiently feeds the central black hole. Such a relationship was also found by Chang et al. (2017a,b) .
We also note that only 25 % of the AGNs are associated with galaxies the we visually classified as morphologically disturbed, i.e., mergers. The rest of the AGN population is morphologically classified as either isolated or unknown. Interestingly, the AGN fraction exhibits a tighter link with the FIR luminosity density, hence with the star-formation compactness, than with the visual identification of a merger signature. However, we cannot rule out the possibility that these galaxies are in the late-stage of a merger, which at these redshifts would not present clearly identifiable morphological perturbations. We discuss in Section 4.4 the possibility that some of the MS galaxies may be in such a late-stage merger phase.
Starbursts in and out of the star-formation main sequence
4.1. Gas fraction and depletion time of galaxies in and out of the star-formation main sequence
Our sample of galaxies presents some systematic biases that need to be carefully taken into account before discussing its ALMA properties. In order to dominantly include normal main sequence galaxies, our Herschel selected sample of 8 GS galaxies is heavily biased towards massive galaxies. As a result, our discussion on z∼2 main sequence galaxies is limited to a stellar mass of M ⋆ >10 11 M ⊙ . Only three galaxies of the HUDF sample fall in the same mass range.
The characteristic mass of the main sequence galaxies discussed here is M ⋆ =1.4×10 11 M ⊙ as compared to M ⋆ =5×10 10 M ⊙ for starbursts. However, despite this mass segregation, we do find that both our main sequence and starburst galaxies follow the global trends observed using a much wider sample of nearly 1300 galaxies (combining individual detections and stacks, Tacconi et al. 2018; see Fig. 13 ) as well as the original relation of Magdis et al. (2012a) (purple line in Fig. 13 top, observed only up to R SB =3, extrapolated above this value). We observe a similar rise of the gas fraction and star formation efficiency (hence a drop in depletion time) as the global trends for galaxies with the median properties of our sample (M ⋆ =1.4×10 11 M ⊙ , z=2.3) summarized in Eq. 8 and Eq. 9 (derived from the Table 3 of Tacconi et al. 2018 ).
We note that these trends only weakly depend on stellar mass. The typical depletion time for a MS galaxy at this mass and redshift is 300 Myr (for a Salpeter IMF and 660 Myr for a Chabrier IMF as used in Tacconi et al. 2018) . The agreement with the global trends apply both for our main sequence galaxies (cyan filled dots) and starbursts (orange filled dots). We can clearly see that even though our sample has a strong mass selection, it does follow very well the trend found by a sample spanning a wider dynamic range of stellar masses. Galaxies more massive than M ⋆ =10 11 M ⊙ (surrounded with an empty circle in Fig. 13 ) do not depart from these global trends. We note however the presence of four MS galaxies with depletion times that are typical of starbursts (∼150 Myr, labeled in red in Fig. 13 ). These galaxies will be subject to a dedicated section (Section 4.4).
When considering those galaxies marked in red, a quick look at the depletion time of MS and starburst galaxies could be interpreted as evidence that starbursts do not form stars more efficiently than MS galaxies. But this is due to a combination of our limited statistical sample and mass range. Instead, as stated above, Fig. 13 shows that our sample is fully consistent with the fact that starbursts both exhibit higher gas fractions and shorter depletion times.
Starbursts above the main sequence
We visually classified galaxies from the HST H-band images, hence in the rest-frame visible, in two broad categories: single/isolated galaxy (S), with no clear sign of perturbation, and galaxies with a perturbed morphology that we listed as mergers (M) in Table 3 . Two cases are listed as undefined: GS8, discussed in detail in Section 3.1, and UDF1, which appears point-like even in the HST image.
We find that all the starbursts of our sample (here defined as galaxies with R SB >3) exhibit the morphologies of mergers (see Fig. 7 ). Instead, the median starburstiness of the single/isolated galaxies (S-type) is R SB ∼1.5, hence nearly equal to the median of the MS. As noted in Sect. 4.1, star-formation in starbursts is not only associated with a shorter depletion time but also with an enhanced gas fraction (see Fig. 13 ). This increase of the gas fraction during a merger event could be due to the impact of the merger on the circum-galactic gas surrounding the galaxies before the merger. This gas may be driven towards the center of the galaxies. Hydrodynamic simulations accounting for the presence of circum-galactic matter, and its possible infall induced during 
=1.4×10
11 M ⊙ of this galaxy sample (see Eqs. 8, 9) . The solid purple line in the top figure shows the relation obtained by Magdis et al. (2012a) scaled to the median stellar mass of the sample. The four galaxies with red labels (GS1, GS2, GS3, GS5) present short depletion times typical of starbursts (they are discussed in Section 4.4). a merger, do not exist at present to our knowledge. Such simulations should be performed to test this hypothesis.
We searched for a signature in the IR luminosity surface density, but we did not find any trend neither with starburstiness (Fig. 14) nor gas fraction (Fig. 15) . We describe below how we determined the characteristic IR luminosity surface density of a MS at this mass and redshift. The SFR of a MS galaxy at our median redshift of z=2.3 and stellar mass of M ⋆ =1.4×10 
Spatial offset between UV and far-IR light distributions
We can see in Fig. 7 that there is a systematic offset between the UV and ALMA light distributions in starbursts three times above the main sequence. Such spatial separation was already noticed in the literature (see Rujopakarn et al. 2016 , Barro et al. 2016 , Hodge et al. 2016 . This suggests that the use of the UV emission to determine the total SFR of starburst galaxies may lead to strong underestimates, even when accounting for a dust attenuation correction based on the UV slope. We show that this is indeed the case in Fig. 16 .
The rest-frame far-UV emission of z∼2 galaxies is commonly used to derive total SFR after applying a correc- tion for dust attenuation either from the determination of the UV-slope, β, or from the modelling of the full UVoptical SED with e.g., the Calzetti et al. (2000) attenuation law (see e.g., Meurer et al. 1999 , Calzetti et al. 2000 , Daddi et al. 2004 , Overzier et al. 2011 , Buat et al. 2012 , Reddy et al. 2012 , Heinis et al. 2013 . The average consistency for most galaxies between both ways to derive total SFR -(1) SFR tot =SFR IR +SFR UV and (2) SFR tot =SFR SED or SFR corrected UV -suggests that the young massive stars responsible for the UV and FIR emission are located in the same region. Alternatively, this consistency would be difficult to explain if a spatial segregation was found for most galaxies.
To address this question, we compare the ratio of both estimates of the total SFR, [SFR IR +SFR UV ]/SFR SED , to the distance to the MS, R SB =SFR/SFR MS . The purple dots in Fig. 16 show the positions of all the galaxies with 1.5≤z≤2.5 detected in at least one Herschel band (to ensure a robust determination of L IR ) in all four CANDELS fields (GOODS-S, GOODS-N, UDS and CANDELS-COSMOS) and in the COSMOS 2 degree field. The sliding median (thick solid blue line, and 68 % dispersion in dashed) shows that SFR SED and [SFR IR +SFR UV ] provide the same estimate of SFR tot within 0.3 dex for MS galaxies, i.e., where R SB ∼1. We note that the density of the purple points at the [1,1] position is not representative of the actual number of MS galaxies because at the Herschel sensitivity limit only the most massive MS galaxies are detected. Hence this result is consistent with previous studies which found that on average both SFR estimators are consistent for typical MS galaxies.
However, the sliding median of the relation between [SFR IR +SFR UV ]/SFR SED and R SB (solid blue line) nearly follows the line of direct proportionality (solid red line). The resolved ALMA images offer a nice explanation for this increasing "wrongness" of SFR SED with increasing "starburstiness" by showing a clear offset between the UV and IR light distributions in starbursts (Fig. 7) . A galaxy with R SB ∼4 forms stars with an intensity that is typically 4 times greater than the one derived from SED fitting. This implies that galaxies experiencing a starburst phase may wrongly be interpreted as normal MS star-forming galaxies in the absence of direct far-infrared measurements. Equivalently, R SB is a good proxy for the wrongness of SED-derived SFR. This is particularly true in the cases of GS6 and UDF3 for which SFR SED is wrong by a factor 11 and 23 respectively (the two highest ALMA points in Fig. 16 ).
Among the ALMA galaxies that belong to the MS (blue symbols in Fig. 16 ), a group of galaxies clusters around [SFR IR +SFR UV ]/SFR SED ∼1 as expected for typical MS galaxies. Their three color V,I,H images (from the third to last row of Fig. 6 except UDF2 and UDF4) show that these galaxies present the shapes of large disks with no obvious sign of disturbance and no strong offset between the UV and IR light. Here the UV and far-infrared light come from the same region consistently with the fact that [SFR IR +SFR UV ] and SFR SED are in good agreement, although with a slight offset for UDF13.
However, our sample also includes a group of MS galaxies with a strong excess of heavily obscured star formation with [SFR IR +SFR UV ]/SFR SED ∼4. This group includes the four galaxies GS1, GS2, GS3 and GS5 marked with red labels in Fig. 13 (the first four images in Fig. 6 ) that will be discussed in Section 4.4 as well as UDF2 and UDF4. These MS galaxies present an excess dusty star-formation rate as compared to the SEDfitting one similar to that of starbursts, even though they belong to the MS.
Compact starbursts hidden within the main sequence
The depletion time, τ dep , of our galaxy sample decreases with IR luminosity surface density following Eq. 10 (Fig. 17) .
This implies that the galaxies hosting the most compact starformation convert their gas reservoirs in stars more efficiently. The six galaxies forming stars with the shortest depletion times (τ dep ∼146 Myr) present a Σ IR =1.5×10 . Interestingly, four out of these six galaxies are MS galaxies, those that we marked with red labels in Fig. 13 (GS1, GS2, GS3 and GS5). In comparison, the typical depletion time for a MS galaxy of similar mass and redshift is more than twice longer (blue star in Fig. 17 ) and its IR luminosity density is 25 times lower,
. These four main sequence galaxies exhibit (i) low gas fractions, (ii) short depletion times and (iii) extreme IR luminosity surface densities. They present all the characteristics of starbursts despite their location within the standard deviation of the MS, hence can be seen as compact starburst hidden within the main sequence.
We checked whether these galaxies could be mistakenly identified as part of the MS while being in reality starbursts. Only one of them, GS5, has a spectroscopic redshift whereas the other three only have photometric redshifts. In order to determine how the uncertainty on the redshifts of these galaxies may impact their starburstiness, we looked at the 16 and 84 percentile values of these redshifts from their probability distribution functions. All three have very accurately determined photometric redshifts with δz/(1+z) values of [−1.9,+0.9], [−19,+22] and [−1.3,+1.1]×10 −3 for GS1, GS2 and GS3 respectively. If we combine these redshift uncertainties with the error bars on the photometric measurements, we find that the resulting stellar masses vary by ±11, 1 and 2 % respectively. This would not Colors and symbols as in Fig. 14. The four MS galaxies with the shortest depletion times are identified with red labels (GS1, GS2, GS3, GS5) as in Fig. 13 . The solid and dashed lines are the fit to the sliding median and its 68 % scatter.
modify their positions relative to the MS. A more important potential caveat comes from the possible contribution of an AGN component to the photometry. We discussed the contribution of AGNs to the multi-wavelength SEDs in Section 2.4 but limiting ourselves to their impact on the IR luminosity and dust mass. However, AGNs may as well contaminate the rest-frame near-IR emission of the galaxies which stellar masses may then be overestimated if the AGN contribution was thought to be due to stellar emission. There is however no reliable way to cleanly extrapolate the SED of the dusty AGN component to the near-IR and optical range to our knowledge. In the absence of robust model or template AGN SEDs that would allow such extrapolation, we have decided to quantify this effect by re-computing the stellar masses of GS1, GS3 and GS5 -where we found evidence for the presence of dust heated by an AGN -after excluding the near-IR photometry coming from IRAC, that would be the most contaminated by hot dust from an AGN. The new stellar masses are the same for GS3, 2 % higher for GS1 and 65 % lower for GS5. GS5, which had a starburstiness of R SB =2.4 when using the full SED to determine its stellar mass, would have a revised value of R SB =4 that would make it a starburst under our definition of R SB >3 for starbursts. In conclusion, we find that the bulk of these compact starbursts hidden in the MS would remain MS galaxies even when including potential uncertainties on their redshift and AGN contamination with the exception of GS5 that may well be a starburst if an AGN does indeed generate the bulk of its near-IR emission. A third common point between these galaxies is particularly striking: they all exhibit a strong dichotomy between their IR and UV light distributions (see Fig. 6 ). This offset explains why SFR SED is a bad proxy for SFR IR +SFR UV for these galaxies. Hence these MS galaxies present equivalent offsets and SFR SED "wrongness" than the "starburst" galaxies lying above the MS, but they belong to the MS. In fact, they do exhibit two important differences with the galaxies lying above the MS. First, they all exhibit a similar morphology in the H-band. They look like face-on disks or alternatively like spheroids. Considering that the probability to see these galaxies only face-on is trometric error, (ii) a far-IR SED that peaks at ∼400 µm. We identified a potential counterpart at a redshift that we estimate to be of z∼3.24. A 67 armcin 2 survey of GOODS-South at 1.1mm (P.I. D.Elbaz) appears to confirm the possibility that typically 10-15 % of the ALMA sources are associated with "optically dark" galaxies (Franco et al., in prep.) . 2. Compact star-formation in z∼2 massive galaxies: while dusty star-formation is resolved in all ALMA galaxies, we find a common point among these massive z∼2 star-forming galaxies: their star formation appears to be concentrated towards the mass center of the galaxies and to be 1.45±1.0 times more compact than at 1.6 µm, i.e., observed HST-WFC3 H-band. 3. Minor contribution of kpc-clumps of star-formation: kpcclumps of star formation seen in the UV do not contribute a large fraction of the total star formation rate measured in these massive z∼2 galaxies. This is consistent with the small SFR attributed to the giant UV clumps (see Elmegreen et al. 2009 ). In one case, we see marginal evidence for the ALMA detection of a kpc-clump. 4. The IR8 color index as a probe of star-formation compactness: we present an updated version of the IR8-Σ IR relation (introduced in Elbaz et al. 2011 ) for local galaxies, now including resolved Herschel images for local galaxies, and discuss its extension to z∼2. The IR8 color index (=L IR /L 8 ) and the IR luminosity surface density, Σ IR (a proxy for the dusty star formation density) present a tight correlation for local galaxies with a standard deviation of only rms=0.11 dex. The z∼1.5-2.5 galaxies resolved with ALMA appear to follow the local relation, although galaxies both within and above the main sequence can exhibit high Σ IR values. 5. A connection between AGN activity and star-formation compactness: galaxies hosting an AGN appear to be outliers to the IR8-Σ IR relation both locally and at z∼2. While a correction of the contribution of hot dust continuum due to AGN heating may explain in part or possibly completely the position of these galaxies, by lowering their IR8, galaxies hosting an AGN are found to be systematically associated with the most compact star-forming galaxies. This suggests that the mechanism responsible for the most compact star-forming galaxies also switches on the AGN, or possibly that the AGN plays a role in triggering the compact star-formation through positive feedback (see e.g., Silk 2013 , Molnár et al. 2017 ). 6. On the origin of merger-driven starbursts above the star formation main sequence: galaxies above the SFR-M ⋆ main sequence systematically exhibit the visual morphology of perturbed galaxies as expected in the case of major mergers. We confirm that their increased efficiency of star-formation is accompanied with a rise of their gas fraction. If it is not artificially created by a larger metallicity in starbursts (which would lead to an overestimate of their gas content), this increase in gas content may be explained by the infall of circum-galactic material induced during the merger in some specific conditions that remain to be determined. 7. Compact starbursts hidden in the high-mass end of the main sequence: we find that the depletion time, τ dep (the time for a galaxy to consume its molecular gas reservoir), drops with increasing IR luminosity surface density, Σ IR . The galaxies with the shortest depletion times (τ dep ∼150 Myr) and highest IR luminosity surface densities (Σ IR ∼1.5×10 ) are massive galaxies (M ⋆ >10 11 M ⊙ ) dominantly located in the upper part of the main sequence. Hence they are starbursts "hidden" within the main sequence. Due to our Herschel selection, we do not know whether similar galaxies exist at lower masses, hence these compact starbursts in the MS may represent the late stage of star-formation in massive galaxies before their passivization. The low gas fraction of these galaxies also favors the possibility that they are experiencing a last stage of star-formation prior to become passive. The physical origin of the compact starbursts within the main sequence remains uncertain at this stage. Understanding it will be crucial in the future to unveil the origin of the compactness of the stars of early-type galaxies observed at z∼2. 8. Starburstiness and star-formation compactness measure the wrongness of UV-corrected SFR: we present a near proportionality between the ratio of SFR tot (=SFR IR +SFR UV ) over SFR SED (determined by fitting the rest-frame UV-optical-NIR) and the distance to the main sequence or starburstiness (R SB =SFR tot /SFR MS ). Hence, SED-fitting underestimates the SFR with increasing starburstiness. This can be explained by the fact that the regions responsible for the bulk of rest-frame UV and far-IR emission occupy very distinct locations in starbursts as shown by our ALMA images. Interestingly, this is also the case of the "starbursts hidden in the MS", i.e. MS galaxies experiencing compact star-formation and short depletion times. This suggests that SFR derived from SED-fitting will most probably miss this population which may be a problem when searching for causes of starformation variations such as environment effects.
